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Abstract
Introduction
Trauma continues to be a major cause of death in the United States, with uncontrolled bleeding contributing
to a significant portion of trauma-related fatalities. In recent years, the management of hemorrhagic trauma
patients has expanded to include interventional radiology (IR). The American College of Surgeons
Committee on Trauma recommends that Level 1 and 2 trauma centers ensure IR availability within 60
minutes of the decision to proceed with angiography. Delays in IR intervention are associated with poorer
outcomes and increased mortality. To address this, our Level 2 trauma center developed and implemented
an institutional protocol involving trauma surgeons, interventional radiologists, residents, trauma advanced
practice providers, ED staff, and IR nursing teams to reduce time to intervention for trauma patients with
uncontrolled hemorrhage.

Methods
On March 1, 2023, a new institutional protocol was launched to expedite IR intervention in trauma patients
with hemorrhage. When such a patient is identified, the trauma team leader (TTL) directly contacts an IR
physician to review imaging and determine the need for urgent endovascular therapy. If IR intervention is
agreed upon, the TTL places a STAT IR consult, which marks the start time for time tracking. This time
period ends when an IR physician achieves vascular access. To accelerate intervention, the TTL informs the

primary nurse of the protocol activation, and a trauma vascular IR (VIR) alert is sent via Vocera®. The
primary nurse and VIR charge nurse coordinate room availability, prepare the patient for transport, and
ready the IR suite.

Results
Data were collected prospectively after protocol implementation (beginning March 2023) and retrospectively
for the period starting January 2022. The pre-protocol cohort included 11 patients, and the post-protocol
cohort included 12 patients. Comparison of the two groups showed a significant reduction in mean consult-
to-needle time: 102 minutes ± 39.5 pre-protocol vs. 48.2 minutes ± 12.7 post-protocol (p < 0.001).

Conclusions
Timely VIR intervention is essential for effective hemorrhage control in trauma patients. Transitioning a
patient from the trauma bay to the IR suite requires seamless coordination across multiple teams, and delays
can negatively impact outcomes. Establishing a standardized institutional protocol can reduce time to
intervention by streamlining workflows and minimizing communication-related delays. While our study is
limited by a small sample size, ongoing data collection is expected to further support these initial findings.
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Introduction
Trauma is a leading cause of death in the United States, with uncontrolled hemorrhage accounting for 30-
40% of trauma-related mortality [1,2]. Prompt control of bleeding is critical and can significantly reduce
both mortality and morbidity in trauma patients. Traditionally, surgical intervention was the primary
approach to managing hemorrhage. However, with the advancement of minimally invasive techniques, the
management of active bleeding has evolved to include interventional radiology (IR), when appropriate [3].
As IR capabilities have expanded, access to angioembolization has become more widespread. Procedures
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such as hepatic and splenic angioembolization are increasingly used to diagnose and treat arterial injuries,
and IR has proven especially valuable for hemorrhage control in anatomically challenging areas, such as the
pelvis [4,5].

The American College of Surgeons Committee on Trauma (ACS-COT) recommends that all verified Level 1
and 2 trauma centers be capable of achieving IR vascular access within 60 minutes of the decision to proceed
with angiography [6]. Delays in IR intervention are associated with poorer outcomes and increased mortality
[7-10]. One of the most commonly cited reasons for delay in angioembolization is the absence of a
standardized institutional protocol to guide multidisciplinary coordination [8]. At our institution, we
identified several communication breakdowns throughout the angioembolization process, contributing to
significant variability in the time from consultation to embolization. In response, we developed an
institutional protocol at our Level 2 trauma center involving trauma surgeons, interventional radiologists,
surgical residents, trauma advanced practice providers, ED nursing staff, and IR nursing, with the goal of
reducing time to intervention for trauma patients with active hemorrhage.

Materials And Methods
On March 1, 2023, our institution implemented a multidisciplinary protocol designed to reduce the time to
IR intervention in trauma patients. The protocol, referred to as the “Trauma IR alert,” was developed
through collaboration among trauma surgery, IR, and emergency medicine teams. Prior to its launch, all
personnel involved in the care of trauma patients received protocol education to ensure smooth
implementation (Figure 1).
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FIGURE 1: Trauma IR alert protocol
APP, advanced practice provider; EDAS, ED assessment; IR, interventional radiology; MRN, medical record
number; Pt, patient; RN, registered nurse; TTL, trauma team leader; VIR, vascular interventional radiology

Vocera: a hands-free, wearable badge that facilitates communication of notifications and alerts within the hospital;
STAT: refers to something that requires immediate or urgent attention

The first step of the protocol involves the prompt identification of active hemorrhage in trauma patients that
may require IR intervention. For all trauma patients who undergo cross-sectional imaging at our institution,
a member of the trauma team is present to identify signs of active hemorrhage. These team members then
establish direct communication with an interventional radiologist, who reviews the imaging and decides
whether to accept or decline the consult. A “STAT” consult is placed for IR, marking the start time. The time
period concludes when the interventional radiologist achieves vascular access (or “vessel puncture”). To
reduce time to intervention, the trauma team informs the ED charge nurse and bedside nurse about protocol

activation, and a “Trauma vascular IR (VIR) alert” is broadcast via Vocera® to all nursing staff. The bedside
nurse and VIR charge nurse then discuss the availability of the angiography suite, and the patient is prepared
for transport while the IR suite is simultaneously readied. The patient is subsequently transported by the ER
staff and trauma team to the IR department, located directly above the ER.

Trauma patients requiring urgent embolization in the month prior to protocol implementation and one
month following protocol implementation were included in the analysis. Eleven patients between January
2022 and February 2023 had severe traumatic injuries that warranted urgent embolization before the
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standardized protocol was implemented. Twelve trauma patients were identified between March 2023 and
June 2023 who were consulted for immediate embolization under the newly implemented protocol. Data
were obtained retrospectively for the pre-implementation group and prospectively for the post-
implementation group from an in-house trauma database, covering the period from January 2022 to June
2023. Approval from the OhioHealth Office of Human Subjects and the Institutional Review Board was
obtained prior to the study’s initiation (IRBNet # 2089945). Two study arms were defined: trauma patients
admitted prior to the Trauma IR protocol's implementation and those admitted after its implementation.
Metrics collected included demographics, injury severity score, mechanism of injury, injury type, pre-
procedure transfusion, anticoagulant/antiplatelet use, injury addressed with angioembolization, time to
vessel puncture, length of stay, and mortality. The primary outcome was time to vessel puncture. Statistical
analysis was performed using the “jamovi” platform, and chi-squared tests were used for categorical
variables, while t-tests were used for continuous variables. A p-value of <0.05 was considered statistically
significant.

Results
The results are summarized in Table 1. The pre-protocol implementation group consisted of 11 patients,
while the post-protocol implementation group included 12 patients. The mean ages (65.0 and 59.3 years)
and gender distributions were similar, with motor vehicle collisions being the most common mechanism of
injury. The most commonly embolized source of bleeding was the splenic vasculature, with 11 cases in total.
Comparison of both cohorts revealed a significant difference in the average consult-to-needle time before
and after protocol implementation (102 minutes ± 39.5 vs. 48.2 minutes ± 12.7, p < 0.001). There were no
statistically significant differences between the groups in sex, age, injury severity score, initial international
normalized ratio, or length of stay.

Variable Pre-protocol (n = 11) Post-protocol (n = 12) p-value

Sex, n (%)   0.827

            Female 6 (54.55%) 6 (50.00%)  

            Male 5 (45.45%) 6 (50.00%)  

Time to needle (min), mean (SD) 101.82 (39.49) 48.17 (12.70) <0.001

Age, mean (SD) 65.00 (20.00) 59.25 (25.73) 0.559

ISS, mean (SD) 22.18 (20.05) 23.83 (14.52) 0.822

Initial INR, mean (SD) 1.29 (0.44) 1.18 (0.36) 0.537

LOS (days), mean (SD) 10.82 (7.99) 8.64 (6.02) 0.478

TABLE 1: Results of pre/post-protocol implementation
The chi-squared test was used for sex, while the t-test was used for the remaining variables.

INR, international normalized ratio; ISS, Injury Severity Score; LOS, length of stay

Discussion
Similar to a previous analysis by Kim et al., our results show that the implementation of a standardized
protocol reduced time to intervention, effectively preventing delays caused by variability in communication
and the absence of a well-defined pathway for this patient population [10]. Although the study is limited by a
relatively small sample size, the average reduction in time to vessel puncture was 54 minutes, which aligns
more closely with the ACS-COT’s recommendations [6]. Both the pre- and post-implementation groups
seemed to have similar overall injury profiles, as indicated by the ISS. Moreover, the creation of the protocol
streamlined the process by setting clear expectations among team members on how to manage hemorrhage
in trauma patients who are appropriate candidates for embolization.

The limitations of this study include the small sample size and the retrospective nature of data collection for
the pre-protocol implementation group. Additionally, two mortalities were recorded, one from each group.
While it is intuitive that more immediate control of active hemorrhage would confer a mortality benefit, we
were unable to demonstrate this due to the limited sample size. We also acknowledge the potential for “pre-
and post-intervention” bias based on the study design. Other limitations include the fact that this is a
single-center study, and the findings may not be generalizable to other institutions with different practices.
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Prompt IR intervention plays a crucial role in controlling hemorrhage in trauma patients when
angioembolization is the appropriate treatment modality [3]. It is well documented that delays in
intervention are generally caused by inadequate or untimely communication between consulting and
specialist teams [7-9]. These inefficiencies can ultimately contribute to poor outcomes by exacerbating
uncontrolled hemorrhage, leading to worsening shock, increased blood product requirements, and
prolonged hospital stays [7,9].

There are several potential future directions based on the results of this study. First, we plan to expand or
adapt the current protocol to neighboring trauma centers to assess its generalizability. Secondly, continued
data collection is underway with the current protocol to evaluate an increased sample size and investigate
the sustained effects beyond six months of protocol implementation. This could allow for further inquiry
into secondary clinical outcomes, beyond time to vessel puncture, that are relevant to morbidity and
mortality. Finally, ongoing quality measures are in development to refine the process through in-situ
simulation and identify potential areas for improvement based on the phase of care.

Conclusions
The development of an alert protocol for traumatic hemorrhage, deemed best managed by
angioembolization, successfully reduced time to vessel puncture in our early experience. Further
investigation is needed to determine whether this effect leads to additional clinical benefits, remains
sustained, and can be generalized across other trauma centers.
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